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^ Bactobolln as a prophylactic or therapeutic agent for autoimmune diseases, and as an 
immuno-suppressive agent 



A known antibiotic substance, bactobolin is now found to be useful to treat an autoimmune disease, as 
demonstrated by the treatment of experimental allergic encephalomyelitis (EAE) with bactobolin. Bactobolin is 
also effective to suppress lymphocyte proliferative response to specific antigen or mitogen. Generally, bactobolin 
IS now found to be effective as an immunosuppressive agent. 
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Prophylactic or Therapeutic Agent for Autoimmune Diseases, and Immunosuppressive Agent 

This tnvenuon relates to a new prophylactic or therapeutic agent for an autoimmune disease such as 
muttiDle sclerosis, acute disseminated encephalomyelitis and collagen disease, which comprises bactoboim 
as the active ingredient. This invention also relates to new use of bactobolin as a prophylactic or therapeutic 
agent for the autoimmune disease or as an immunosuppressive agent which is useful to suppress the 
5 immune response m a living animal, including human. Further, this invention relates to a method of 
prophyiacticaily or therapeutically treating an autoimmune disease, and besides it relates to a method for 
Suppressing the immune response in a living animal, inclusive of human, in particular, for suppressing 
abnormal immune response which would occur m a living animal as invoked by an autoimmune disease. 

Furthermore, this invention relates to a method for prophyiacticaily or therapeutically treating an 
•c expenmenial allergic encephalomyelitis (EAE). m the induction phase or in the effector phase, which 
comprises administering an effective amount of bactobolin to a living animal having suffered from the 
experimental allergic encephalomyelitis as induced. Particularly, this invention relates to a method for 
suppressing lymphocyte proliferative response to specific antigen or mitogen, which comprises administer- 
ing an effective amount of bactobolin to a living animal, including human. 

BACKGROUND OF THE INVENTION 

As the conventional prophylactic or therapeutic agents for autoimmune diseases, there are known anti- 
20 lymphocyte immuno-globulin. glucocorticoid preparations, nucleic acid metabolic antagonists, alkylating 
agents and the like. 

Many of the. above-mentioned conventional prophylactic or therapeutic agents for autoimmune diseases 
are. however, dissatisfactory in their effectiveness and toxicity, and better drugs have long been awaited. It 
IS an object of this invention to meet such a long standing demand. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

We. the present inventors, have now found that a known antifiotic. bactobolin represented by the 
30 following formula (I): 



35 




^5 Show prophylactic or therapeutic effects on the autoimmune diseases. 

Bactobolin which is useful in the practice of this invention is a known antibiotic compound as produced 
by a bacterial strain of the genus Pseudomonas and is known to have antibacterial activities and antitumor 
activities {Japanese Patent Application first publication "Kokai" No. 22777 81: Japanese patent No. 
1.414.049: and the "Journal of Antibiotics" Vol. 32. page 1069(1979)}. This invention is based on our 

50 unexpected discovery that bactobolin exhibits" prophylactic or therapeutic effects on autoimmune diseases. 
These prophylactic or therapeutic effects of bactobolin (hereinafter sometime called "the present sub- 
stance") on autoimmune diseases can be demonstrated by the animal tests given hereinafter. The present 
substance, bactobolin having such medical effects is now found to be useful as a prophylactic or 
therapeutic agent for autoimmune diseases, such as multiple sclerosis, acute disseminated en- 
cephalomyelitis anc collagen disease. According to Japanese Patent Application first publication "Kokai" 
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No 22"7 81 :r.e ac-jie LD^; loxiciiy of bactoboltn ts 6.25-12.5 mg kg (m mouse, intravenoust 

Thus. Uorr, ir.Q arnnnaf tests using rats wnich was caused to develop EAE by transferring ihe EAE- 
causing agents, soeciftcaiiy we nave now found that the administration of becioboiin is effective to suppress 
or reduce tne number or incidence of EAE and also suppress or reduce the histological changes m some 
5 separate sections of the EAE rats. Besides, we have found that the administration of bactoboitn to rats is 
effective to reduce the degree of lymphocyte proliferative response to specific antigen or mitogen. It can 
therefore be concluoeo that bactobolin is active to suppress the immune response m a living animal, 
including human. 

According to a first aspect of this invention, therefore, there is provided a prophylactic or therapeutic 
■ 0 agent for an autoimmune disease, which comprises baciobohme as the active ingredient, tn association with 
a pharmaceutically acceptable earner for the active ingredient. 

According to a second aspect of this invention, there is provided a method of prophylactically or 
therapeutically treating an autoimmune disease, which comprises administering an effective amount of 
bactobolin to an animal having suffered from the autoimmune disease. 
*5 According to another aspect of this invention, there is provided a new use of bactobolin as an 

immunosuppressive agent to suppress the immune response m a living animal, including human. 

According to Still another aspect of this invention, there is provided a method of suppressing the ^ 
immune response m a living animal, which comprises administering an effective amount of bactobolin to a 
living animal where the immune response are to be suppressed. 
2C According to a further aspect of this invention, there is provided a method for suppressing prophylacti- 

cally or therepeuttcaily treating an experimental allergic encephalomyelitis in the induction phase or in the 
effector phase, which comprises administering an effective amount of bactobolin to an animal having 
suffered from the experimental allergic encephalomyelitis as induced. 

According to a particular aspect of this invention, there is provided a rrtethod for suppressing 
25 iymphocyte proliferative response to antigen or mitogen., which comprises administering an effective 
amount of bactobolin to living animal where the lymphocyte proliferative response to antigen or mitogen is 
to be suppressed. 

When bactoboline is administered, bactobolin may be given also in the form of its acid addition salt with 
a pharmaceutically acceptable acid such as hydrochloric acid, sulfuric acid, phosphoric acid, acetic acid. 
3C citnc acid, malic acid, methanesulfonic acid and the like. 

Bactobolin which is used in the practice of the present invention can be produced, for example, by a 
fermentative method as described in Referential Examples 1 and 2 given hereinafter. In order to utilize 
bactobolin as the active ingredient in a prophylactic or therapeutic agent for autoimmune diseases, it may 
be used in the form of a free base or a salt with a non-toxic acid such as hydrochloric acid, salfuric acid 
35 ana acetic acid. 

The present agent containing bactobolin as the active ingredient may be formulated into various 
preparation forms, for example, injections such as intramuscular injections and intravenous injections, oral 
preparations such as capsules, tablets, granules, powder and liquid, and external preparations such as 
Ointment and rectal preparations, in association with a pharmaceutically acceptable solid or liquid carrier. 

•iO Although the dose of bactobolin varies depending on the administration route, preparation form, symptom of 
disease, etc.. it is preferable to choose the dosage in a range of 1-1.000 mg for an adult per day. 

Bactobolin may be formulated into a dosage unit form by a usual method. Various excipients as known 
in tne pharmaceutical technology of drug preparation may also be mixed with bactobolin so long as they do 
net give any side adverse effects on the present substance. To .formulate bactobolin into an injectable 

-5 soiutton. the bactobolin may be dissolved in injection-grade distilled water or physiological saline, and after 
accJition of a stabilizer, dispersant. soothing agent and or the like as needed, the resultant solution is filled in 
tnjeciion ampules. As an alternative, the solution of bactobolin is lyophilized in a vial and upon administra- 
tion, it IS again dissolved in injection-grade distilled water or physiological saline. In order to formulate 
bactobolin tnto an oral preparation, bactoboitn may be added and mixed with an excipient. stabilizer. 

5C antiseptic, dispersant and the like as known in the art and is then formulated into a suitable oral preparation 
form. In oraer to formulate bactobolin into an external preparation, bactobolin may be added and mixed with 
a substrate, stabilizer, antiseptic, surfactant and the like and is then formulated into a suitable external 
preparation form. 

Procuction of bactobolin by the fermentative method will next be illustrated with reference to the 
55 following Referential Examples 1-2. 
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A microorganism: Pseudomcnas BMG 13-A7 strain (oeposited m an authorized Japanese depository 
"Fermeniaiion Research institute" under tne accessible number FERM-P 5083). which had been cultured 
on an agar slant meotunn. was inoculated m a 500-nn t Eriennneyer flask which contained nO ml of such a 
liquid meaium (pH 7.4) comprising l.5'o of maltose. 0.3°© of yeast extract. rO**b of N.Z. -amine (type: A; 
proauct of FUfviCO-Shefield Chemical Corp.). It was cultured at 27'' C for 24 hours on a rotary shaker {180 
revolutions per mmuie) to oDtain a seed culture. 

The seed culture diO ml) was then inoculated to a 30- 1 jar-fermentor made of stainless steel and 
coniatnmci i' t of the same liquid medium as that described above. The microbial strain was then cultured 
at 27' C for 40 hours (Slirnng; 250 turns per minutes: aeration: 15 ( per minute). Cultures from two jars- 
ff^rmentors were combined, and the microbial cells were then removed by a continuous centrifugal machine 
(10.000 revolutions per minute) to give 27 t of the broth filtrate as a supernatant (potency: 52 u. ml). The 
Supernatant was charged into a column (mternat diameter: 65 mm) of 1.5 ( of "Amberlite XAD-2". After 
washing the column with 5 1 of water, the column was eluted with a (1:1) mixture of methanol and water, 
and the eiuate was collected m 17.5 m t -fractions. Fraction Nos. 52-295 were combined together and then 
concentrated to dryness under reduced pressure, thereby to afford 13.4 g of a crude powder of bactobolic% 
(potency: 7l u. mg). 
Yield: 68-0''o. 



Referential Example 2: 



In 20 m( of water was dissolved 13.4 g of the crude bactobolin powder obtained in Referential Example 
1 The resultant solution was charged into a column (internal diameter: 33 mm) of 600 ml of "Amberlite 
CG-50 Type r {(7:3) mixture of the NH' form and H* form}. The column was thereafter developed with 
water and the eiuate was were collected in 17 m l -fractions. Fraction Nos, 127-280 were combined together 
and then concentrated to dryness under reduced pressure, thereby obtaining 1.7 g of pale yellow powder of 
bactobolin (potency: 489 u. mg). 
Yield: 9l.1**b. 

The above powder was thereafter dissolved in 4 ml of water; and the resultant solution was again 
charged into a column (internal diameter: 14 mm) of 100 m of "Amberlite CG-59 Type T {(7:3) miKture of 
the NH form and H form}. The column was developed with water and the eiuate was collected in 14 ml- 
fractions- Fraction Nos. 31-48 were combined and then concentrated to dryness under reduced pressure to 
obtain 940 mg of bactobolin as pure, white powder (potency: 719 u..mg). 
Yield: 77.3%. 

Certain exemplary preparations of the agent of this invention will next be described. 
Preparation Example V. 

An aaueous solution of bactobolin was asceptically filled in vials so that 1 mg (potency) of bactobolin 
■A-as m each vial. 

Preparation Example 2: Bactobolin lO parts by weight 
Lactose 60 paa by weight 
Magnesium stearate 5 parts by weight 

Those mgreoients were mixed together evenly and then filled in capsules to give 10 mg (potency) of 
bactobolin per capsule. 

Preparation Example 3. Olive oil i60 pans by weight 
Poiyoxyethyiene iauryl ether iQ parts by weight 
Sodium hexametaphosphaie 5 parts by weight 
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Frny D2r:s z-^- cacto£?cf>n were aaaed to ana mixed uniformly with a unirorm oase comoosed or tne 
aoove-meniicnec: ngreoients The resultant mixture was hiiec m soft capsules for rectal administration to 
give 50 mg (potency? of oactoboim per capsule. 

Exoenmentai allergic encepnalomyelttts (EAE) is autoimmune encephalomyelitis which ts induced upon 
challenge Dy an antigen to the medullary sheath of the central nerve, and it is considered to be a good 
animal mocei of multiple sclerosis {Paterson, P.Y. "Autoimmunity: Genetic Immunologic Viroiogic and 
Clinical .Aspects" Acaaemic Press. New York (1977): and Alvord. E.G. Jr.. Kies. fv/!.W. and Suckling. A.J. 
"Expenmentai Allergic Encephaiomyelitts - A Useful Model for Multiple Sclerosis" Alan R. Liss. New York 
(1984)}. 

The prophylactic or therapeutic effects of bactobolm or autoimmune diseases will be demonstrated by 
the following Tests: 

Test 2- 

-Suppressive Effects of bactobolin on Acute Experimental Autoimmune Encephalomyelitis (EAE) of Rat in 
Induction Phase 

To animals (rats) as sensitized with myelin basic protein complete Freund adjuvant (hereinafter af- 
ireviated as MBP CFA) for immunization. 0.5 mg kg of bactobolin was administered by intraperitoneal 
injeciion daily from the next day (Day 1) of the imrnunizaiion to Day 8. This adminisiraiion period 
.corresponds approximately to the induction phase of EAE. The results obtained showed that all the control 
rats (receiving no bactobolin) developed EAE within the period of tfie study.' whereas none of the rats 
developed EAE in the bactobolin-administered group (see Table 1 below). 

It has also been demonstrated that bactobolin suppresses histologic EAE markedly and acts suppres- 
sivety against the induction phase of EAE (see Table 2 below). 
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Suppressive Effects of oacioooim on EAE m induction Phase 

BaciobO'tn .vas administered mtrapentoneaily to the MBP CFA-immunized animats (rais) during a penod 
(Day 8-14). wmch was considered to correspond pnmartly to the effector phase of EAE. and during this 
period the effects of oactoboim was estinriated. Bactobolm also suppressed the incidence of EAE markedly 
in the present experiment (see Table 3 below). 

In aadttion. the administration of bactoboiin during the period of Day 8-14 also suppressed histologic 
lesion markedly tsee Table 4 beiowi. 
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Test 3 

Suppressive Effects of bactobolm given after Incidence of EAE 



A stuay was conducted to determine whether the intraperitoneal administration of bactobolin made after 
ine incidence of EAE was therapeutically effective, or not. The administration of bactobolin was started on 
^e day of the EAE incidence when the first clinical sign was noted in each case. As a result no substantial 
.nfluences were observed depending on the time of administration of bactobolin during the duration of 
illness but the paralysis score was suppressed significantly (see Table 5 below). 
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Test 4; 

Effects of bactoboiin on Passively Induced EAE 

In order to further clarify the suppressive effects of bactoboiin on EAE during the effector phase, its 
suppressive effects on passively induced EAE were investigated. Bactoboiin also suppressed the incidence 
of p .'sively induced EAE markedly (see Table 6 below). 
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Test 5: 

Suppressive Effects of bactcooim on Lymphocyte Proliferative Responses 

Using lymph node cells whtch were separately collected separately from control rats and from the 
bactobolin-mtrapentonealty administered rats on Day 11 (the 11th day after the sensitization), the lym- 
phocyte p. iiiferative responses to specific antigen, as well as the response to Con A were assessed- No 
lymphocyte proliferative responses to specific antigen were observed with the lymph node cells of the 
bactobolin-adminisiered group. The response to Con A was also suppressed with the lymph node cells of 
the bactoboiin-aamtmstered group (see Table 7 below). 



Table 7 



Antigen or 
mitogen 


Control group 
(no bactobolin 
administered) 


Bactobolin- 

administered 

group 




CPM 


* SD 


CPM ± 


SD 




11,927 


531 


5,858 


316 


MBP 


30,214 


2,081 


2,507 


670 


PPD 


54,554 


2,958 


5,315 


696 


Con A 


338,783 


6,433 


32,271 


27,295 



Note i:-Animals belonging to Bactobolin-administered group were daily intraperitoneally with O.Smg/kg of 

bactobolin from Day 1 P.I. to Day 8 P.I., and the control animals were treated with PBS. 

Note 2:-Lymph node cells were obtained from control and bactobolin-treated rats 11 days after the 

sensitization. These lymphoid cells were cultured with GPBP (10 ug-ml). PPD (10.ug.mt) or Con A (2 

ugml) for 3 days. The proliferative responses were assessed by measuring the uptake of tritiated 

thymidine. 

In the above. CPM means the measured number of count per minute: f^BP means myelin basic protein: 
PPD means a punfied protein derivative: and Con A means concanavalin A. 

As cemonstrated m the above Tests, bactobolin significantly suppressed EAE in both the induction 
phase and effector phase so that the prophylactic effects of bactobolin on EAE have been recognized. 
Bactobolin also exhibited suporessive effects on EAE after its incidence, whereby its therapeutic effects 
have also been recognizee. 
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Claims 



1 A copnyiacnc or tnerapeutic agent for autoimmune diseases, comprising bactoboim of the formula; 



or a pharmaceutically acceptable acid addition salt of bactobolin as the active ingredient, in association with 
£ pharnriaceuticaily acceptable carrier for the active inyredlent. 

2. A method of prophylacticaHy or therapeutically treating an autoimmune disease, which comprises 
administermg an effective amount of bactobolin or a pharmaceutically acceptable acid addition salt of 
bactobolin to an animal having suffered from the autoimmune disease. 

3. A method of suppressing the immune response in a, living animal, including human, which comprises 
administering an effective amount of bactobolin or a pharmaceutically acceptable acid addition salt of 
bactobolin to a living animal where the immune response is to be suppressed. 

4. Use of bactobolin as an immunosuppressive agent or for the production of an immunosuppressive 
agent. 

5. A method of suppressing the immune response in a living animal, which comprises administering an 
effective amount of bactobolin to a living animal where the immune response are to be suppressed. 

6. A method for suppressing prophylacticaHy or therepeutically treating an experimental allergic 
encephalomyelitis in the induction phase or in the effector phase, which comprises administering an 
effective amount of bactobolin to an animal having suffered from the experimental allergic encephalomyelitis 
as induced. 

7. A method for suppressing lymphocyte proliferative response to antigen or mitogen, which comprises 
administering an effective amount of bactobolin to a living animal where the lymphocyte proliferative 
response to antigen or mitogen is to be suppressed. 

8. Use of bactobolin of the formula 



HO 




(I) 



NH 



HO 




(I) 



for preoaring a prophylactic or therapeutic agent for autoimmune diseases. 
9. Use of bactobolin of the formula 
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OH 




(I) 



OH NHCOCHCH. 



NH, 



for Drepanng an agent for suppressing proohyiactically or therapeutically treating an experimental allergic 
encephalomyelitis. 
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